Antioxidant effects of statins via S-nitrosylation and activation of thioredoxin in endothelial cells: a novel vasculoprotective function of statins.
HMG-CoA reductase inhibitors (statins) are lipid-lowering drugs that also exert pleiotropic vasculoprotective effects via activation of the endothelial NO synthesis. NO induces S-nitrosylation of target proteins. S-Nitrosylation of the antioxidant enzyme thioredoxin was recently shown to enhance its activity, thereby reducing intracellular reactive oxygen species. Therefore, we investigated whether statins may exert an antioxidant activity in endothelial cells via S-nitrosylation of thioredoxin. Statins dose- and time-dependently increased the overall level of S-nitrosylated proteins in endothelial cells (atorvastatin 0.1 micromol/L, 206+/-30% increase; simvastatin 1 micromol/L, 214+/-19% increase; mevastatin 1 micromol/L, 191+/-10% increase). The increased S-nitrosylation was blocked by an NO-synthase inhibitor and mevalonate. Moreover, S-nitrosylation of thioredoxin was also significantly augmented after atorvastatin treatment. The atorvastatin-mediated increase in S-nitrosylation was associated with an enhanced enzymatic activity of thioredoxin (atorvastatin, 157+/-9% increase). This resulted in a significant reduction of intracellular reactive oxygen species within the endothelial cells. In contrast, in endothelial cells overexpressing a thioredoxin construct in which the S-nitrosylation acceptor amino acid cysteine 69 was replaced by serine [TRX(C69S)], atorvastatin did not activate the redox-regulatory activity of thioredoxin. Moreover, overexpression of the non-nitrosylatable thioredoxin TRX(C69S) abolished atorvastatin-mediated reduction of reactive oxygen species. Here, we demonstrate a novel antioxidant mechanism by which statins reduce reactive oxygen species in endothelial cells. Statin-mediated S-nitrosylation of thioredoxin enhanced the enzymatic activity of thioredoxin, resulting in a significant reduction in intracellular reactive oxygen species.